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Abstract
Fire hazard has destroyed humanity creations. Fire detectors have been developed by using different techniques. Thermo-
electric generator (TEG) is a part of energy harvesting which is able to convert heat into electricity because of temperature difference 
between hot and cold side of thermoelectric device (TE). Different materials are used for thermoelectric generators which depend 
on the characteristics of the heat source, heat sink and the design of the thermoelectric generator. Many thermoelectric generator 
mate rials are currently undergoing research. This paper presented an investigation of seeking an alternative way of detecting fire 
hazard by developing architecture prototype of a fire detection technique using natural rubber. The thermoelectric prototype used 
self-powered device which improved the temperature difference gap and stabilized the cold side of TE alongside natural rubber 
as the cooling material. The technique is relatively simple system realization based on three viable components, i.e. a heat sensor, 
a low-power RF-transmitter and a RF-receiver. The heat sensor is designed and fabricated by thermoelectric and heat sink with natural 
rubber (NR) coating. The NR coating is heat absorption reduction. Therefore, the temperature difference is wildly resulting in the 
higher TE output voltage. The voltage is also supplied to the low-power RF transmitter module. In case of fire hazard, the tempera-
ture increases from 26 to 100 °C, the prototype can operate successfully. This technique will solve potentially the power supply issue 
in fluctuated situations. The rubber coating from rubber trees in Thailand would be a value chain added for bio-economy, supporting 
a sustainable development goal of the country.
Keywords: heat detector, natural-rubber, self-powered, thermoelectric, RF-transmitter, RF-receiver, fire hazard, heat ab-
sorption, heat sensor, heat sink.
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1. Introduction
In history, fire hazard has destroyed humanity creations and becomes even more danger at 
the present time due to global warming crisis. Generally, there are two methods of fire detection 
which using heat and smoke detectors [1]. These devices are very effective for fire detection. How-
ever, in unfortunate situation such as losing electricity, poor installation and short circuit will cause 
them to malfunction. Therefore, alternative energy increasingly becomes a popular in developing 
electronic devices afterwards. Thermoelectrical energy harvesting is the one of the techniques that 
extends over many researches [2–4]. Temperature sensor is employed in many applications such as 
in heat detector [1] for fire hazard or smoke detector for global warming crisis. Typically, these sen-
sors are very effective for fire detection. However, in fluctuated situation such as losing electricity, 
poor installation and short circuit will cause them to malfunction. As commercially available heat 
detectors are bulky and consume more external power to drive the electronic devices and tempera-
ture sensor, the need for possible self-powered detector for fully viable temperature sensor system 
has increasingly been motivated [5–8]. 
Unfortunately, attempts at possible powered sensors without external power supply have par-
ticularly been demonstrated based on, for example, the energy conversion techniques [9–12], and 
the surface acoustic wave (SAW) techniques [13, 14]. The energy conversion techniques convert 
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other kinds of energy to electrical power, such as ultraviolet rays [7, 8], heats [11], vibrations [13], 
and electromagnetic waves [15]. Whilst, the surface acoustic wave (SAW) techniques are passive 
sensors. Such techniques have, however, repeatedly suffered from low power, needed the extra 
power to drive the sensor system and limited mobility. In addition, SAW technique is undesirable 
for wireless sensor. Since, SAW techniques based on passive sensor approaches [14] have particu-
larly limited a low frequency signal and low self-powered, which have particularly been inversely 
proportional to the propagation in several meters.
Recently, a self-powered sensor has particularly been demonstrated for wireless tempera-
ture sensor based on thermoelectric (TE) module [11]. Where, TE modules are used as both power 
module and sense module in a self-powered wireless temperature sensor. Such techniques have, 
however, repeatedly suffered from low generated power and limited the operating time. Theoreti-
cally, thermoelectric generator (TEG) is the part of energy harvesting which is able to convert heat 
into electricity because if there is a temperature difference between hot and cold side of thermo-
electric device (TE), it will potentially generate electric power. Recently, the heat pipe technique is 
applied to suppressing heat leakage at the cold side of TE in order to increase output power [2]. The 
heat pipe technique was desirable effectiveness in terms of suppressed heat and increased output 
voltage, although increasing number of heat pipes slightly reduced output power. But the autono-
mous maximum power point is presented for harvesting maximum TEG energy [3, 4]. This point 
is slightly increased output power and considered to be unsuitable for implementation. In term of 
suppressed heat, paraffin has particularity been demonstrated for heat absorption of temperature 
sensor based on TEG [11]. However, as paraffin is the product of petrochemical industry. When 
the solid paraffin reaches a certain temperature, the melt paraffin causes the heat absorption re-
duction. On the other hand, rubber mainly becomes popular in various commercial and residential 
applications. Especially, the natural rubber (NR) has excellent thermal conductivity and insulation 
properties, which was preferred for electronics [16, 17]. Moreover, the NR can be extended the life 
of electronic products that operating at high temperature for long-term stability by enhancing the 
mechanical properties of silicone rubber composite [17].
Due to the limitation in some researches, this research proposes another fire detection tech-
nique using self-powered device which improved the temperature difference gap and stabilized 
the cold side of TE. The device comprises a TE which used as the generator alongside Thai rubber 
as the cooling material. Thai rubber is a natural material which has thermal conductivity slightly 
different compared to a paraffin. Moreover, it is a solution for the rubber in Thailand.
2. Materials and methods
The concept of thermoelectric (TE) is shown in Fig. 1. It consists of hot and cold side 
where the temperature is applied. TE is semiconductor materials which are p-type and n-type 
semi conductors. Also, at the end of each junction connects to electrical conductor for the current 
flowing. Thermoelectric generator (TEG) is simply explained by Fig. 1, a. When the heat is applied 
on the hot side of TE, it causes a temperature difference between hot and cold side. Electricity is 
started generating because of the electron flowing inside semiconductor materials consecutively. 
This phenomenon is known as Seebeck effect. To increase the voltage, multiple semiconductors are 
formed to be a module by connecting p- and n- junction to each other as shown in Fig. 1, b. The 
open circuit voltage can be determined in equation:
 Vout = αΔT, (1)
where α and ∆T are the Seebeck coefficient and the temperature difference between hot and cold 
side of TE, respectively. Fig. 1 despites an internal resistance inside the TE module. The output 
voltage can be approximated as the open circuit voltage when connecting to the load which has 
much times higher resistance than internal resistance of TE [11].
Rubber mainly becomes popular in various commercial and residential applications. Com-
monly, they are two types of rubbers which are natural rubber (NR) and silicone rubber (SiR). 
Mostly, they are considered to be electrical and thermal insulator because they have excellent 
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thermal conductivity and insulation properties, was preferred for electronics. [16] have used mo-
lecular dynamics simulation to calculate the value of thermal conductivity of NR which resulted 
in 0.35 W∙m–1∙K–1. [17] have extended the life of electronic products that operating at high tempera-
ture for long-term stability by enhancing the mechanical properties of silicone rubber composite 
using hexagon boron nitride (h-BN). The results show that the thermal conductivity was increased 
to 0.95 W∙m–1∙K–1 and the volume resistivity reached 2.5×1011 Ω∙cm. 
Fig. 1. The main signature: a – seebeck effect; b – thermoelectric module
In this experiment, NR was desperately considered to be the thermal stabilizing between 
cold and hot side of TE. As fire hazard situation, everything in vicinity increases their temperature. 
Therefore, NR is an important role for preserving cool by conducting the heat at the cold side while 
the hot side is a thermal insulator in order to operate the device.
As the limitation, this research is focused on cold-side stabilized material which is Thai 
rubber. It has high specific heat capacity (about 2.005 kJ∙kg–1∙K–1) which is relatively close to solid 
paraffin. Fig. 2 shows fabricated self-powered sensor. The sensor consists of three components, 
i.e. a thermoelectric (TE), heat sink and natural-rubber (NR), whilst NR used to coat the heat sink. 
A TE and heat sink with NR coating compose a self-powered temperature sensor.
Fig. 2. The fabricated self-powered sensor
As mentioned above, the fabricated self-powered sensor as shown in Fig. 2. There will 







































measurement of heat sink with natural rubber coating, the sizes of heat sink are 40×40×18 and 
40×45×21 mm as shown in Fig. 3 for 6 models that has the difference in number of fins and coating 
thickness. Another part is the differential temperature measurement of heat sink without the natu-
ral rubber coating in Table 1.
Fig. 3. The main signature: a – the fabricated heat sink of self-powered sensor with natural rubber 
coating with-four fins (F4T05-F4T10); b – with-eight fins (F8T05-F8T10)
Table 1
The variety fin and coating-thickness of heat sink for self-powered sensor











Then, the temperature of self-powered sensor with the natural rubber coating of 4 models 
and without natural rubber coating of 4 models in Table 1 are measured by using data acquisition 
unit (YOKOGAWA DAU-MX100) which the shortest measurement interval time is 500 ms. Fig. 4 
shows experimental setup of the fabricated self-powered sensor. The heat source produced heated 
temperature from ~26 °C (room temperature) to 100 °C consistently and running the experiment 
within 90 seconds.
Fig. 5 shows the proposed simple system realization of a self-powered heat detector based 
on thermoelectric (TE) generators with natural-rubber (NR) where the system is relatively simple 
based on three viable components, i.e. a heat sensor, a low-power RF-transmitter and a RF-receiver.
Fig. 4. The measurement temperature value setup
   
















Fig. 5. Proposed system realization of a self-powered heat detector based on thermoelectric 
generators with natural-rubber (NR)
The heater sensor consists of three components, i.e. a thermoelectric (TE), heat sink and 
natural-rubber (NR), whilst NR used to coat the heat sink. A TE and heat sink with NR coating 
compose a self-powered temperature sensor. The function of the TE is to measure the temperature 
difference between its two sides (i.e., hot and cold side) and to convert the temperature gradient 
into electric power. Where, this electric power has particularly been proportional to the tempera-
ture difference. In case of fire hazard, the NR coating is heat absorption reduction. Therefore, 
the temperature difference is wildly. When the TE is exposed to a temperature difference, it will 
generate a thermal voltage which is mathematically related to the temperature difference. This 
thermal voltage is also supplied to the low-power RF transmitter module (FS100A DC 3–12 V). 
Therefore, this technique is simple system realization, low-power wireless device and wide tem-
perature difference. 
3. Results and Discussion
As shown in Fig. 4, for the first part of experiment, the heat source produced heated 
temperature from 26 °C (room temperature) to 100 °C consistently and running the experiment 
within 90 seconds. To figure out the effectiveness of coated rubber, the relationship of four vari-
ables of TE such as hot side temperature (Thot), cold side temperature (Tcold), differential tempera-
ture (ΔT) and output-voltage were considered precisely. Table 2 concludes the experiment results 
of heat sensors. These heater sensors consist of coating heat sink 6 models and thermoelec- 
tric (model TEC12706) generators.
Table 2
Experiments result of heat sensors





F4T00 – 49.80 37.70 18.10 0.34
F4T05 0.50 52.10 32.60 19.50 0.45
F4T10 1.00 59.70 29.50 30.20 0.53
8
F8T00 – 55.80 34.90 20.90 0.36
F8T05 0.50 57.20 29.60 27.60 0.51
F8T10 1.00 62.30 28.40 39.90 0.56
Table 2 shows that the TE output voltage of heat sensor has particularly been proportional to 
the number of fins and NR coating thickness. Consequently, the NR coating is heat absorption re-























and from 20.90 to 39.90 °C @ 8-fin). In this sample, the F8T10 model is the optimal model which 
is built in the prototype of self-powered heat detector based on thermoelectric generators.
Fig. 6, 7 depict the temperature difference (ΔT) measurement on the 4-fin heat sinks. As 
shown in Fig. 6, for the first part of experiment with 3 models in Table 2, firstly, the F4T00 model 
has the temperature difference (ΔT) from 0–18.10 °C and the value of correlation coefficient (R2) 
is 0.9863. Secondly, the F4T05 model has the temperature difference (ΔT) from 0–19.50 °C and the 
value of correlation coefficient (R2) is 0.9786. Finally, the F4T10 model has the temperature diffe-
rence (ΔT) from 0–30.20 °C and the value of correlation coefficient (R2) is 0.9962. It can be seen 
that the temperature difference (ΔT) has particularly been linearity function of time. 
Fig. 6. Experiment results of the temperature difference (ΔT) measurement  
on the 4-fin heat sinks (model F4T00, F4T05 and F4T10)
Fig. 7. Experiment results of the temperature difference (ΔT) measurement  
on the 8-fin heat sinks (model F8T00, F8T05 and F8T10)
Similarity to experiment results of the temperature difference (ΔT) measurement on 
the 4-fin heat sinks, Fig. 6 depicts the temperature difference (ΔT) measurement on the 8-fin 
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temperature difference (ΔT) from 0–20.90 °C and the value of correlation coefficient (R2) 
is 0.9882. Secondly, the F8T05 model has the temperature difference (ΔT) from 0–27.60 °C 
and the value of correlation coefficient (R2) is 0.9870. Finally, the F8T10 model has the 
temperature difference (ΔT) from 0–39.90 °C and the value of correlation coefficient (R2) 
is 0.9825. It can be seen that the temperature difference (ΔT) has particularly been linearity 
function of time.
Fig. 8, 9 depict the TE output voltage measurement with the 4-fin heat sinks. It can be seen 
that the TE output voltages have particularly been proportional to time. And it is unlike existing 
approaches, when TE output voltage drops with further increase of time.
Fig. 8. Experiment results of the TE output voltage measurement with the 4-fin heat  
sinks (model F4T00, F4T05 and F4T10)
Fig. 9. Experiment results of the TE output voltage measurement with the 8-fin heat  
sinks (model F8T00, F8T05 and F8T10)
For the second part of experiment, as shown in Fig. 5, the proposed simple system reali-
zation of a self-powered heat detector based on thermoelectric (TE) generators with natural-rub-
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prototype is 80×80×120 mm. The low-power RF transmitter module (FS100A DC 3–12V) is 
supplied by 4 heat sensors. In case of fire hazard, the temperature increases from 26 to 100 °C, 
the prototype can successfully operate.
As mentioned above, natural rubber is used as a material with heat sink. The results showed 
that temperature difference (ΔT) significantly when compared between with-coated natural rubber 
and without-coated natural rubber of both the 4 and 8 fins heat sink models. It was found that the 
coating with natural rubber model gave higher the temperature difference than that of the other. 
This result illustrated that natural rubber could be efficiently used in a cold-side stabilized mate-
rial of the self-powered heat detector. However, the self-powered heat detector required the proper 
installation as well as commercial product (i.e., smoke and heat detector) which ideally needs to 
detect the beginning of the fire. Moreover, the device could not be monitored whether it is mal-
function or not. Furthermore, these disadvantages should be improved in terms of the crucial fire 
detection area and the device monitoring.
Fig. 10. The prototype of a self-powered heat detector based on thermoelectric  
generators with natural-rubber
4. Conclusions
This paper is presented a self-powered heat detector based on thermoelectrical energy 
harvesting technique. The device composes of thermoelectric device (TE) and the fins of heat 
sink were coated by natural-rubber which improved the temperature difference gap and stabi-
lized the cold side of TE. The experimental results showed that the coated rubber was effective 
in suppressing and stabilizing the temperature and voltage, especially the temperature diffe-
rence (ΔT) and the output voltage of F8T10 heat sink model achieved 39.9 °C and 0.56 V, re-
spectively. This technique will potentially solve the power supply issue in fluctuated situations. 
Moreover, the rubber coating from rubber trees in Thailand would be a value chain added for the 
BCG economy.
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